Malaria surveillance is a practice concerned with collection and analysis of data. This paper presents an ethnographical account of an international team of researchers producing data about malaria in the Zanzibar archipelago. We show that malaria is increasingly an electronic entity, inextricably interwoven with the practices of data workers using ICT tools. The use of mobile ICT tools enables new data production practices that include situated coordination mechanisms such that 1) more people can be surveyed, including individuals not suffering from malaria but possibly carrying the parasite, 2) greater geographical areas can be covered, and 3) more data can be validated and included in malaria statistics. As electronic data, malaria builds and mobilizes diverse human, organizational, and infrastructural worlds around it, who must now be dedicated to its production, management, and care. We discuss implications for design of digital data collection tools that support the work of teams surveying malaria, as well as implications for disease surveillance methods and practices.
INTRODUCTION
In this paper we focus on malaria monitoring. Digital data collection tools are increasingly replacing paper, and a number of them [22, 24] are specifically designed for low-resource settings. In the health literature these tools are broadly lauded as having had a positive impact on how health surveillance is conducted [12, 24] . Beside promising faster responses to detected events such as outbreaks, the introduction of information and communications technology (ICT) tools also promises more accuracy and validity in the data that is collected.
These tools are not neutral, however, and have in some important ways changed what malaria is. By changing how malaria is tracked and recorded, these tools have enabled the recording of malaria cases in settings that were previously hard to reach. By making tracking easier, cases that would have not been recorded are now recorded, resulting in an increase in malaria statistics, albeit in the context of numbers falling overall. More fundamentally, malaria becomes a socio-technical entity managed, recorded and manipulated through electronic form. While malaria, to those who suffer 153:2 P. Sanches & B. Brown from it still manifests itself in their own or others sickness, to health professionals it increasingly also appears in electronic form. As we put it in this paper, rather than the malaria parasite becoming the center of medical practice, complex socio-technical mixes become central. As Ribes and Jackson [38] put it in their book chapter 'data bite man', data are:
"temperamental and delicate creatures, whose existence and fraternity with one another depend on a complex assemblage of people, instruments, and practices dedicated to their production, management, and care. Like corn and flies before them, data demand and build the human, organizational, and infrastructural worlds around them. "
As such, in this paper we focus not on surveillance and medical professionals, but rather the material assemblages [21] of less trained people, machines and organizations that make the measuring and counting of malaria possible. We present an ethnographic account of an international team of researchers producing data about malaria in the Zanzibar archipelago, a semi-autonomous region of Tanzania.
Our contribution is twofold. First, this paper presents a case study detailing current data production practices in the domain of active disease surveillance. These practices are described as the result of work of distributed actors working with and through mobile ICT tools. This constitutes in itself a contribution, as this domain has previously not been covered in CSCW. Second, we show that these new data production practices include situated coordination mechanisms such that 1) populations can be mobilized in real-time and more people can be surveyed, including individuals not suffering from malaria but possibly carrying the parasite, 2) more households can be included, and greater geographical areas can be covered, and 3) validation mechanisms can be made and therefore more data can be trusted and included in malaria statistics. This ethnographic account also shows that some of these practices often improvisational and contextual. We extend the literature on data production [34, 38] , by showing that coordination work through mobile ICT tools, a familiar theme in CSCW [41] , are essential for data to come to existence. Data on disease surveillance can be seen as a product of a socio-technical mix of formalized procedures and situated decisions by data workers and malaria researchers who must both adapt to, as well as transform the sociomaterial fabric of the people and areas and diseases they produce data on.
RELATED WORK
Disease surveillance denotes a practice of ongoing data collection, analysis and dissemination for the purposes of implementing and evaluating public health policies and practices [31] . Some work in disease surveillance in CSCW has been on developing systems using data sources such as mobile data to predict flu dynamics [17] , evaluating the potential of public resources such as Wikipedia texts to measure global disease [37] , or studying sociotechnical issues related to data collection in hospitals for surveillance purposes [25] . There is also extensive CSCW research on health care, which is focused mostly on clinical work and how it is transformed by computers [20] . When it comes to data production work related to diseases, the focus has mostly been on patient data (e.g. [27] ), focusing on themes of personal engagements with data about oneself, along with narratives, personal conceptions of health and wellbeing as well as collaborative sensemaking between patients and caretakers. However, there is a lack of HCI research looking at the work of active surveillance for population-wide disease control. This type of work is mainly concerned with the act of data collection, which differs from passive disease surveillance (c.f. [25] ) which makes use of data obtained in hospitals or health facilities from health-seeking patients.
This paper draws on and extends on literature that critically engages with the so called "commodity fiction" [38] of data: the belief that data and its origins, context and temporal history are separable, and therefore data in a "raw" form is out there waiting to be collected. Feinberg [18] characterized data production as a result of design decisions in three stages: 1) conceptual infrastructure, which determines forms of measurement (e.g. parasite count in malaria) and scale (e.g. blood microliter), 2) collection processes, which implement the conceptual infrastructure, and 3) aggregation processes, which make use of a certain standard, such as time scale or a geographical unit, to integrate many individual collection acts. Rather than being neutral, each decision made, even before "raw" data is collected, enables certain possibilities for action and constrains others, making some things visible and others invisible [7, 10, 39] . Producing data is therefore not a neutral act. When data is produced by wide-governmental entities, citizens are viewed through lenses that capture high level aspects and metrics assumed to be the only ones relevant for the state interventions, sometimes disregarding everyday life context and local practices, even if the latter are often crucial for the success of the state interventions [26, 42] . Conversely, the act of producing data can be locally appropriated by activists for the purposes of enacting social change [34] .
Data, particularly quantified data, is reactive [16, 34] in the way that it creates new "things", and relations between things. By doing so it causes people to think and act differently. For example, Shklovski and colleagues [44] show that mobile data infrastructures transform "location" from being a social, situational construct to a commodified object that becomes embedded in social and institutional process, and also changes them. Another example is the development of crime statistics [36] which changed the way we think about crime: from something stemming from bad human nature to a something than can be managed and predicted. Similarly, disease surveillance may change the ways we understand and act upon diseases, in a way that they become something to be pre-emptively managed as "threats" [10] .
Even before data is inscribed in databases, already the work of producing data can have profound effects in the social world. The accounts by Ribes and Jackson [38] show that data can be seen as an actor that shapes individuals, organizations and technologies around producing it and maintaining it. Sustaining long-term scientific studies entails that individuals and organizations orient their practices to maintain comparability of data over the years and perform cascades of rituals which tie sample collections in the field to data points in a lab. On a larger scale, taking the example of the task of producing unique biometric-based identification numbers for over a billion people in India, Johri and Srinivasan [26] show how a focus on data production can mobilize geographically distributed and diverse actors such as ICT designers, enrollment agents, public agencies and private companies across large timespans and geographies. Over time, if not properly maintained, data can be become meaningless or lost [30] . Edwards [15] shows that a considerable amount of transformations and interventions are required for scientific data to flow across different storage devices, filesystems or disciplinary standards, a process described as overcoming "data friction". Furthermore, the context of data production, namely local organizational structures of the production sites, the practices that sustain data and are sustained by it affect how data is shared and flows across individuals and organizations [5, 48] .
It is a crucial task to critically analyze data production practices to interrogate which things are represented and which are left invisible [39] , and what effects these practices have on organizations that produce data and on the world they intend to represent [10] . Looking at practices in disease surveillance entails describing the material assemblage [21] : the network of people, microbes, machines and organizations that make public health surveillance possible. By describing the work of producing data using ICT tools, we unavoidably focus on familiar CSCW themes such as coordination work [41] . For example, the study of Pine and Mazmanian [35] on coordination work by healthcare workers highlights the unavoidable interplay between formal logics of action, often encoded in ICT tools [2] , and emergent patterns of action. Broadly, this theme has been addressed by scholars such as Suchmann [46] , showing that people adapt to the specifics of the situation at hand, using formal logics of actions as resources while also acting around them. Arguably [1] the 153:4 P. Sanches & B. Brown biggest challenge for CSCW is to design for highly flexible, nuanced, and contextualized human activities.
CONTEXT OF THE STUDY
The ethnographic account herein is derived from observations conducted alongside two distinct large-scale malaria survey studies, where the first author also participated as a technical consultant. These studies result from a long-term collaboration between Karolinska Institute (KI) and the Zanzibar Malaria Elimination Program (ZAMEP) through the Zanzibar Ministry of Health of over 10 years. Since its inception, ZAMEP has leveraged collaborations with international organizations and the central government to implement malaria control measures that have greatly reduced the incidence of malaria in Zanzibar. The collaboration with KI has resulted in yearly studies and interventions that assess the state of malaria in Zanzibar, and test new methods for achieving elimination combating the disease. With other collaborations (e.g. USAID), ZAMEP has also implemented surveillance systems [13] which enable public health facilities -those that provide point of care services such as clinics or hospitals -to report malaria cases, using mobile phones, to a centralized system, as well as actively following-up on detected cases.
The World Health Organization (WHO) recommends measures for countries to control and eliminate malaria that aim, at a first phase, at making malaria a problem manageable at the local government level, and then, at an elimination phase, to reduce local transmission to zero. Zanzibar is close to the elimination phase. Unlike the surrounding areas, which have high incidence of malaria all year around, malaria transmission in Zanzibar is low and seasonal, with most of the cases occurring after the rains in March-June, which provide breeding sites for the mosquitos which spread the disease. Central to malaria elimination are the notions of hotspot and hotpop [29] . Hotspots are geographically defined areas, typically smaller than 1km2, where malaria infections exceed the average level. Hotpops are high-risk population groups, typically with occupations or travel histories that make them more prone to be exposed to mosquito bites in malaria regions. Malaria elimination efforts are dependent on successfully identifying hotspots and hotpops.
Elimination phase areas have less than 1 case per population annually [32] . According to WHO, these areas are expected to devote resources to data collection and precise diagnostic methods, able to detect low-density malaria infections and provide rapid responses to outbreaks [32] . The goal is to limit the impact of the seasonal malaria by reducing and eventually eliminating local transmission. Like in many other areas of healthcare [20] , ICT mobile tools are increasingly central to the daily work of health workers in development regions working with malaria surveillance and elimination. They are central to malaria elimination recommendations by researchers and international public health authorities [3] , as they enable finer temporal and spatial resolutions in quantifying the disease, by e.g. enabling GPS coordinates to be collected when a malaria case is found, which was previously not possible with paper data collection forms. Other methods in the fight against malaria are the periodic screening and treating of hotspots and at-risk populations, or mass drug administration which aims at high or total coverage of distribution of antimalarial medicine to populations in hotspots [29] . These efforts are also facilitated by ICT tools which can help precisely identify people and households for re-visits or reduce time-to-analysis (paper forms needed to be entered in spreadsheets).
The analysis in this paper is derived from observations made during field work conducted from May 2015 until September 2016. The first author actively participated and observed two large-scale malaria studies. One study was a survey, conducted in June 2015, where data was collected from a random selection of households in two districts in Zanzibar, housing approximately 4.400 residents. During this survey data regarding demographics, uptake of malaria control interventions and malaria risk factors were collected. The population was tested for malaria and treatment was given to people who were found to be infected. In addition, blood samples were collected for screening for malaria parasites with more sensitive laboratory methods. The second study, in 2016, was a mass drug administration in hotspots in Zanzibar, to further reduce malaria transmission in these areas. It covered over 20.000 residents. Again, blood samples were collected and data regarding demographics, uptake of malaria control intervention and malaria risk factors were collected.
Despite their different characteristics, both studies had a similar goal of producing epidemiological data related to the state of malaria in Zanzibar. Behavioral data was collected with a questionnaire. The questionnaire includes questions about the household, which can be observational (e.g. "what materials are used in the roof of the house"), asked to an adult specified as the head of household (e.g. "has anyone in this household suffered from malaria in the last 4 months") or asked to each individual household member. The questionnaires are either made using pen or paper, or, since 2013, with digital data collection tools such as Open Data Kit (ODK). ODK is open source software, originally devolved by the University of Washington, with the goal of helping "organizations author, field, and manage mobile data collection solutions" 1 . The software has been widely adopted for various settings in so called developing regions [22] . In the studies described herein, the digital questionnaires were made on Android tablets running version 1.4 of ODK. Other ICT involved in data production in these studies include mobile phones, spreadsheet software, statistical analysis software such as Stata, and GIS.
METHODS
This paper draws on participant observation from the first author of 1.5 years alongside being in the role of an external IT consultant employed by ZAMEP, in two distinct malaria studies involving ZAMEP and KI. This was a broad role that involved developing, installing and maintaining the ICT infrastructure during two studies conducted by ZAMEP and KI. Contact with first author was established by malaria researchers from KI, who were in need of IT support for the studies done in collaboration with ZAMEP. The first author was not permanently employed but was instead hired on a temporary basis whenever there was a need for developing applications for data collection or performing other supporting IT work. The analysis herein is not limited to instances of direct use of ICT since the first author occupied a particularly advantageous point that allowed observation of how decisions were made at the management level, during the planning phase of malaria studies with malaria researchers and managers at ZAMEP, as well as how digital data collection tools were used in the field.
Ethnographic materials such as field notes, photos, notes from meetings were collected continuously through the course of 1.5 years, with more intensity during the fieldwork and preparation phases of the malaria studies. The field work took four weeks for each study, and preparation period took five months for each study. After the first malaria study, materials were organized into themes related to how data workers behaved around data collection tools, and how were data from previous studies used to plan future studies. The initial thematic analysis was intended to improve the IT systems locally at ZAMEP. During the second malaria study, observations were made to confirm or disconfirm themes made during the first study, with special attention being paid to events that occurred unexpectedly during field work. The themes were expanded and refined to include the new observations. The first author did the initial analysis, and the second author helped select and refine the themes that spoke to the question of "how mobile ICT tools impact how malaria is represented". As such, in addition to notes and observations, informal and semi-structured interviews were done with the malaria researchers from KI involved in these studies, to clarify and deepen some of the themes both during field work and during analysis. Finally, vignettes [49] were written to bring to life, in a representative way, how different actors collaborate to produce data about malaria.
By dissecting the everyday activities involved in data collection, this analysis rests on the tradition of practice theory and laboratory studies [9, 28, 48] , treating scientific procedures around malaria as human, social practices. The aim is not to show failures or gaps in method. Rather otherwise, it is assumed that best procedures were followed. It also rests on a tradition of ethnography in CSCW that looks at sociality and materiality of work practices [6] . In the analysis below, different voices such as enumerators, staff at every level in ZAMEP (field supervisors, analysts, and management), and international malaria researchers were considered. It is however important to note that the main author actively participated in different management meetings where enumerators were not included, as well as international malaria researcher meetings, where many decisions about data collection and analysis were made. Observations and the understanding of malaria expressed in this analysis is therefore influenced mostly by exposure to malaria researchers, and less by clinical workers in Zanzibar or those affected by malaria. The analysis has however steered away from malaria researchers' vocabularies and framing of the problems as much as possible (although it is impossible to avoid entirely). In addition, understanding of the life in rural areas of Zanzibar is of an outsider, as they have only been visited by the first author during the malaria studies fieldwork. Understanding of these areas is based on conversations with enumerators and malaria researchers during those brief visits. In addition, the first author was not a local from Zanzibar, even though several months were spent in the island prior to the fieldwork. A limited knowledge of the local language, Swahili, hindered the understanding of some group discussions between enumerators as they were happening in real-time, but these were then often summarized by one or more enumerators when prompted by the first author, during field work.
Finally, some data production practices are not described due to space and scope restrictions. We do not follow blood samples to laboratories, nor do we describe laboratory practices such as counting parasites. These are other equally important field sites that would could possibly offer other types of insight on how malaria data is produced. The scope here is limited to the direct interactions between malaria researchers and data workers with the Zanzibar population, during the field work of malaria studies.
PRODUCING DATA ABOUT MALARIA
The analysis follows 9 actor groups, summarized in Table 1 . Malaria researchers, sometimes referred simply as "researchers", are those employed by KI with diverse backgrounds in medicine, biology or global health. The researchers were often present in the island for some periods of time to accompany field work but were mostly active the during planning phase of the malaria studies. The first author of this paper is referred as an IT consultant, as that was the role taken during these malaria studies. The actors from ZAMEP and KI, as a group, are sometimes referred to as "data workers". Below, the following themes are unpacked: the data ecosystem on the organizational level, the data collection procedures in the field, and how the Zanzibar population is enrolled to participate in these studies. Each section starts with a vignette [49] from the field, constructed from different field observations and interviews, showing how each theme impacts different actors as they do the work of quantifying malaria.
Finding houses
In June 2016, every day, before leaving to the villages, 50 enumerators, 5 field supervisors, 3 international malaria researchers and one IT consultant meet in ZAMEP's headquarters in the city center before sunrise. Following a morning briefing where different subjects were discussed related to the future workday and feedback from previous field days, everyone gets inside two buses and departs to the villages, which could be more than 1 hour drive away. When the group arrives to the ward, we meet with the sheha, the local authority, responsible for the district. A shehia is the smallest administrative unit in Zanzibar. It can be composed by several villages, and it can contain several thousand people. The sheha had previously hired local guides, which are inhabitants of the villages and well acquainted with them. The sheha had also prepared a list of areas to be visited, to achieve full coverage of the district. Enumerators, in teams of two, are then sent away, each team with one guide. At this point, the local guides for each village are the ones with most control over data collection, as they are the only ones who know the field. The enumerators know that they must visit 14 households until the end of the day, as that was the information they received from the field supervisors. But as the sun sets and the day approaches the end, one of the teams has made it through 10 households and there are no more houses in the vicinity. Coordinating over mobile phones with other guides and the field supervisors, the guide of the team with missing households goes to "find houses" nearby the village center, outside of the expected area of the study, sometimes walking several kilometers. The vignette above exemplifies a situation that occurred almost daily in the 2016 study. Let us trace back those events to the study preparation, where part of the conceptual infrastructure [18] of data production was designed. In this case, there is a mismatch between the number of houses that the guides thought to exist in an area of the village, and the number of expected houses derived compiled from a variety of data sources before the start of the study. The field work typically takes 4-6 weeks, but before the fieldwork there is a preparation period of around 4-7 months depending on the study size. This is a period where most critical decisions are made regarding the study implementation, including the which districts should be included in the study. For that, researchers need to identify the hotspots where yearly outbreaks are likely to occur. This data is taken by the researchers from malaria surveillance systems, such as the Coconut Surveillance, at the care of the data manager at ZAMEP (see Figure 1 ). It also relies on similar studies done in previous years. The data is found to be inconsistent and patchy [4] , but it is nevertheless trusted to reveal areas where intervention is to be focused.
Malaria researchers also need to know how many households exist in each district. Most commonly new data is generated before or during each ZAMEP or field study by shehas who are asked to generate household lists in preprinted booklets. The sheha's roles [50] include keeping records of all demographics within their area, including marriages, divorces, immigration and land ownership. Data from the booklets is then entered into a spreadsheet, employing data entry staff to do this. In 2016, data from a recent activity conducted by ZAMEP where households in the study areas were sprayed with insecticide was used instead, since this data already existed electronically. Unlike data from surveillance systems, this data is often found in spreadsheet files, and is retrieved from specific departments at ZAMEP, e.g. in 2016, the operational department responsible for indoor insecticide spraying.
Making sure each blood sample, each person, and each household is uniquely identified is both essential for malaria researchers, and an impressive undertaking in the absence of street names and id cards, as it is common in rural areas in Zanzibar. In the two observed studies, an identification infrastructure was developed by the researchers from ground up. Sticky labels were printed according to the expected number of people, samples, and houses. These labels contained a unique ID and a matrix barcode. These IDs were not re-used for subsequent years and served only the identification aims of each study. Every year, data is produced from different studies and is stored in a variety of formats. One of the main sources of "data friction" [15] , i.e. factors affecting the flow of data and information across organizations and disciplines, is that the data if formatted in a way that obeys the logic of different studies and reports made for scientific organizations or donors, such USAID as well as other international universities. At the beginning of each study, all relevant data is woven from a variety of sources. The past data constitutes the scaffolding for the new study: it is used to plan procedures for data collection, establish goals and later evaluate whether they are being met. It is based on this data that the field guides assigned by the sheha plan the routes and house visits for the enumerator teams. Targets are given for enumerators to reach, such as "10 households per day" for a given district. Yet, during the data collection in the field, it was often necessary to improvise around the planned routes, making use of the unwritten knowledge only people familiar with the village terrain have.
Scripting the work of enumerators
Let us return to the field. During field work, the IT consultant (first author) was mobile on foot or in a vehicle, often responding to calls for technical support from different enumerator teams that were spread out in different villages, each with a different field guide. A secondary role was to encourage data collection to be done through standard procedures. For example, part of the assigned tasks was to repeat the training procedures on how to use the digital questionnaires. After a few days in the field, it was apparent that the questionnaire was not always followed as it was designed. As the enumerators gained experience with the questionnaire and became proficient in all the questions, they developed strategies to speed through different sections. For example, the procedure for individual questionnaire requires that everyone present in the household answers the questions concerning to them. Some questions were pertaining to the last time each person experienced malaria symptoms or traveling history. As an example, enumerators would sometimes ask in the beginning to everyone present if they have had malaria recently, or if they have left the district. Sometimes, the answers would be 'no' for both questions, for everyone present in the household. That would allow the enumerators to speed through those sections in the individual questionnaires without directly addressing each person.
Two technological components broke down daily throughout the field study: GPS collection, and matrix barcode scanning. Recording GPS position is a relatively novel way of mapping malaria, not possible before the introduction of mobile tools. Before, malaria prevalence was mapped at level of village or district. With GPS, researchers can map potential outbreak focus for households where blood was collected from and can also map factors collected through the questionnaire such as types of household and potential mosquito breeding sites. Another reason, discussed later, is to help in data cleaning, by disambiguating and matching households in the database where households have been visited on more than one occasion (see Figure 2) . But every day, at each village, some tablets (2 or 3) would take hours to get a GPS fix. This was sometimes solved by connecting to a Wi-Fi hotspot in a mobile phone which would then download the almanac into the tablet. But lack of mobile coverage in most rural areas made this difficult. In addition, it was often not possible to get accuracy below 20 meters. Enumerators would sometimes walk around the households for a few minutes to obtain a GPS positioning, and often that would fail. For this reason, acquiring location was paradoxically made technically optional (it was possible to skip the question in the tablet), but daily encouraged to all enumerators. Matrix barcodes aimed at reducing data entry errors by the enumerators. There were two ways of recording matrix barcodes. The first way consisted on using the barcode scanner application in the tablets, and then inserting the number manually. The reason for it was the consent form was designed in a compact way so that several stickers were placed next to each other and there was a fear that a barcode pertaining to another person would be scanned. The second way was to insert the number manually twice. The intention was for enumerators to look at the labels twice and insert them. The system would then compare the two entries and give a warning if they were not the same. However, most times enumerators simply memorized the number and entered it twice, not looking at the labels. So, neither enumerators nor barcode scanner were fully trusted by the researchers to input data correctly by themselves; instead one had to validate the other.
Before the field work starts, enumerators, field supervisors and researchers participate in a mandatory week of training. During this week, the overarching goals of the study are presented by the researchers and management, and standard operating procedures are discussed and finalized. It also includes technical training, provided by the IT consultant, on how to care for tablet computers and use the software. Training material for this effect was inspired by material available from the ODK website 2 . However, most enumerators did not require as extensive technical training as specified in the ODK training manuals since almost all were familiar with smart phones.
Many enumerators had difficulties scanning a barcode using the cameras in Android tablets. Some learned a technique that worked for them in the training week (Figure 3) , and then found that it did not work in the field. Varying lighting either outdoors under strong sunlight or indoors in near darkness posed problems for scanning in the field. For these reasons, many enumerators chose manual input. The digital questionnaire allowed for double manual entry but the procedure highly unencouraged, with frequent reminders every morning to for teams that did not use the scanner. Deviating from the standard procedures could also be necessary due to how the population behaved during data collection. For example, in big households, especially when these were visited outside of school hours, children would enter or leave the house, requiring frequent amending of the data in the questionnaire, which would complicate the data validation scripts in tablets. At the end of each day, the tablets were brought back to the office. Each tablet was then emptied of data and put to charge until the next day. Data from each tablet was downloaded to a computer, aggregated and made into a tabular format. Every day, one malaria researcher imported data into Stata and performed several statistical analyses, whose result influences how data is to be collected the next day. The first one was to count the number of households and compare them with the expected number, from previous data, as shown in the previous section. This was one measurement of performance of the current day but was not very actionable since previous data was generally not trusted.
When data is compiled, one common process is what is commonly called data cleaning. The definition of clean data depends on the uses envisioned for it, as well subjective filters and biases of the person who performs the data cleaning [8] . For these studies, there were two moments of cleaning: 1) during the fieldwork, 2) after the data collection was concluded. Unlike paper questionnaires, which could take months until they were manually transcribed and available in a format that could be manipulated, data collected digitally through tablets was made available daily. During the daily data cleaning, one researcher would go through the aggregated data and check if dates were correct, if there were any duplicate IDs, if the district and village names were correctly selected. According to malaria researchers, these were easier to correct when done daily, rather than at the end of the study. The researcher created daily statistics for each team, noting the number of times GPS coordinates were not taken, or if barcodes have been entered manually. A note written in paper was sent with the tablet for each team, and in the morning of the next day, the teams who did not follow the standard procedures were then advised by the field leaders to follow the procedures. But because procedures cannot always be followed, as noted earlier, these notes sometimes caused puzzlement and requests for technical support from the enumerators. The tension between standard procedures and the actual constraints of fieldwork was present throughout the two studies described in this paper. After the field work, there was one more moment of data cleaning, who did not directly influence ongoing data collection, but it influenced data collection recommendations for future studies. Based on statistics from input errors, new scripts are devised between study cycles as well. For example, new warning signs and data validation scripts in the digital questionnaire were added between the two phases of the 2016 study.
The 2016 study was done in two rounds, and the protocol included a revisit to each household. Personal IDs -random numbers generated by malaria researchers -had been left in the households in a copy of the consent form, as well as stickers with household IDs had been left in the doorways. At the end of the study, however, 1 in each 5 people in the second phase of the study could not be matched using the person ID to people in the first phase. These had to be matched manually. This was a process that relied on GPS coordinates when available (Figure 2) , as well as name and age matching. These were also problematic since there are many ways of writing the same name in Swahili, and some people would state approximate ages. Sometimes children would be counted in different households since they moved during the day between relatives' households. This process of data cleaning often resulted in very few matches.
Mobilizing the population
One of the most used technologies during field work was the mobile phone, enabling coordination at a distance. The need for coordination in the field was well-known by ZAMEP from previous studies, and each enumerator received a phone voucher every day to enable communication in the field. In one occasion, field supervisors received several phone calls from enumerator teams noticing the lack of children in the village. The house visits were done often during school hours or after-school activities, such as madrasa. This prompted a string of phone calls from a ZAMEP team called Behavior Change Communication (BCC) to local authorities, and finally to teachers who were asked to excuse their students for the next day, so they could be home and participate in the study.
This example shows how quickly coordination between all actors involved in the study could achieve population-wide mobilizations. Zanzibar inhabitants are the most important actor when it comes to malaria studies. Malaria data is produced from them, and ultimately is used to inform government policies that affect them. They are only physically present during data collection. But mobilization of population begins months before the field work start. During training week, enumerators are given instructions on how to phrase the goals of the study in an understandable way, likely to generate high consent rates from the population. At this stage, the population cannot influence how the study is to be conducted. Population's only power is to not consent when the field work starts. However, the enumerators tend to speak for the population, based on their experience in participating in previous health studies, or on their own experience of being Zanzibar people and knowing the local customs. If there are added questions by KI researchers, they are in English, and are also to Swahili during training week. The enumerators discuss between themselves what would be the best translations that capture the essence of the question and serve the study goals. The language translations are part of translations in the Latourean sense [28] . The goals of the study are passed on to enumerators, who are enrolled as employees, hired on short term contracts to conduct field work. As such, they have little power to question the overarching study goals. However, each question in the questionnaire is discussed on an open table on the grounds of how it will likely be perceived by the population. Each question can be re-written several times until a consensus is achieved. For example, the question "is this person a permanent resident of this household" was a center of controversy, and several hours were spent in both 2015 and 2016 studies, discussing whether it was a valid question, and what would be the best way to phrase it or how to explain it to people. In case was the idea that in rural Swahili homes, people often tend to be more mobile than the study assumes. To ask if someone is permanent or temporary requires an understanding of how lives of people in rural areas are. One enumerator suggested that residents of one household could be identified by the people who eat from the same cooking pot, seeing that a building can host several families or households that, each, cook for themselves.
Translating interests of the government into the population does not stop with the enumerators. Before the study starts, the BCC team goes to each village and in cooperation with the sheha prepares the population for the visit of the malaria study workers by giving details about the study and asking members of all households to be at home when the enumerators visit. This includes community meetings where people attending can ask questions. During data collection, data cleaning was also made to identify areas in villages with a high number of refusals -i.e. where people did not consent to be part of the study. This prompted the BCC team to return to those areas of the village and attempt at convincing residents that the study was important, so that those areas could be re-visited. So, the practice of daily data cleaning played a role in mobilizing the population, in addition to mobilizing enumerators as described earlier, and obviously in addition to correcting errors in collected data.
DISCUSSION
As malaria shrinks in prevalence, the weight of each malaria case grows. In other words, as malaria endemic regions near malaria elimination status, governments are recommended to collect more data and dedicate more resources per malaria case [32] . It is known that mobile ICT tools are increasingly used in active surveillance in developing regions, and it is also not new that precise location technologies such as GPS are often used to make malaria more spatially defined. But with the ethnographic account presented here, we surface some of the coordination work that mobile ICT tools enable during field work in order to precisely identify people and households, or to validify data while performing work efficiently. Below, we discuss how malaria, through practices enabled through the use mobile ICT tools, binds many objects together: more households are visited, asymptomatic individuals are made part of statistics, and more data is considered valid. Malaria is made into data through a complex socio-technical mix that involves WHO recommendations, institutional alignments, formalized procedures, and situated actions of data workers making use of mobile tools. Our descriptions of the complexity of the real-world data production practices are meant to enable not only for the design of better ICT tools, but also to imagine better practices of working with and through computers bringing together multiple perspectives from different actors, which a classic purpose of field studies in CSCW [6] . Implications for design are not immediately obvious from ethnographic work [14] , but nevertheless we propose some directions and challenges for future work within public health surveillance.
Malaria datafication and the asymptomatic population
There are several disease surveillance systems and practices operating in parallel in Zanzibar, and they differ on how they impact on people not suffering from malaria symptoms. Let us consider the scenario of a patient, with malaria symptoms, going to a health facility seeking treatment. If they test positive for malaria, the case is added to the national register through weekly reporting, done using mobile technology on the system called MEEDS. An improvement on this system [13] introduces "active case response", through which the household of the malaria infected patient is visited: all household members are tested, GPS location recorded, and questions are asked about the household members. Finally, the population-wide studies and interventions described in this paper aim target the whole population in certain areas. With current sensitive diagnostic technologies [29] , malaria does not need to be symptomatic to be visible. Asymptomatic individuals, which are still carriers of malaria parasites, are detected and treated, at a high speed, facilitated by ICT mobile tools.
The areas targeted by the studies described in this paper are "hot", just like the populations at risk. Malaria, transformed in and through data, becomes an entity to be managed and contained. This is an effect that echoes previous research in electronic surveillance [10] . In an electronic format, malaria is visible and actionable, not only to patients or point-of-care clinicians, but also to governmental decision makers. These are changes perhaps more felt by the people living daily with the disease. When a person is identified as part of a hotpop, or as living in a hotspot, she is likely to be targeted for future interventions. People living in hotspots are or course free to refuse being part of these studies, but they still have a disrupting effect in normal village life, due to their scale and importance given to them by the government.
Producing malaria data requires significant translation work to enroll a growing population. Mobile tools and real-time communication support the real-time coordination work necessary for these large-scale studies. A great deal of coordination work to enroll the population is done already before the studies start, offline, with BCC team and shehas in community meetings. But more importantly, as we have illustrated, in the field there is coordination work to enable people to be present at home when enumerators visit, by e.g. appealing to authorities to excuse children from going to school. This type of quick mobilization during field work is enabled by the introduction of mobile tools; they enable fast communication and real-time coordination, as well as enabling data from the previous day to be available for coordinating the next day.
Returning to the main point of the paper, it is then obvious that data production mobilizes organizations and individuals [38] , making them orient themselves towards producing more data [26] , but it is also clear that distributed coordination work is essential for this assemblage to produce data. In other words, rather than data being "raw", producing data on a population requires mobilizing and coordinating, or change it. We have also shown that this assemblage of organizations and individuals tends to grow: malaria is transformed from an individually felt disease to a sociotechnical entity in an electronic form, to be managed and eliminated on a country. This in turn re-arranges public health services around malaria and widens the range of stakeholders who must have an active role in malaria elimination, such as all the people living in areas marked as hotspots. They must now also perform work to eliminate malaria in the areas where they live, by regularly being available and volunteering data and blood samples. Malaria is not only a problem of individuals who may be sick and in need of treatment; whole districts now need to manage their malaria reservoir, akin to chronic patients in need to manage their illnesses.
Since current malaria eradication practices are not about reducing the amount of data produced about malaria or reducing the number of people implicated in data production -rather the opposite -the amount of coordination and translation work required is likely to increase. We do not have recommendations for facilitating the necessary translation and coordination work in increasingly larger-scale disease surveillance. Instead, our hope is that acknowledging the problem through the rich descriptions of these practices in this paper inspire technology developers, CSCW and public health researchers to think of ways together of improving large scale data production practices. We could however think of designing future mobile ICT tools in ways that transform data production while reducing the burden of these large-scale studies on populations. One could imagine leveraging existing mobile phones to collect some of the data without direct contact with the population. For example, technologies have already been proposed that make use of passively collected data from sources such as mobile phone usage data from residents of a country or a certain area in order to infer mobility patterns, for the purposes of disease surveillance [11, 40, 47] . This could reduce the burden of data collection on the daily life of the population, as some of this data can be inferred passively, but it would require additional privacy and ethical considerations [40] .
Locating malaria through invisible work
Even if producing data always requires a shedding of context from where the data was produced, here we focus on the contextually rich socio-material practices performed by enumerators and field guides, to be able to locate houses in Zanzibar during field work. We do so to highlight and unpack the coordination work they perform, crucial for malaria data to be produced. The population-wide studies described herein require that data workers can find a significant sample of the households in a district. To do so, they rely on data from different sources within ZAMEP, produced in other studies and interventions, as well as lists of households (names of head of household) compiled by the shehas. Already these are coordination mechanisms [41] that support the field work. However, during field work some of these mechanisms are found to be incorrect or no longer valid. Achieving a desired sample number or, in the case of 2016 study, total household coverage, relies on knowledge of the terrain provided by the field guides. The knowledge of local guides, crucial to successfully conduct these studies, consists in what Scott [26, 42] calls, a "wide array of practical skills and acquired intelligence in responding to a constantly changing natural and human environment". This knowledge can be about the roads surrounding the villages, or the location of temporary houses. From the perspective of the researchers and enumerators, the temporary houses were "found", as they were not part of the household lists used to coordinate field work. Before the teams go on to "find new houses", they contact field supervisors using mobile phones, and these sometimes arrange for transportation and re-assign other teams to assist. This work of dealing with unexpected events is a type of second-order articulation work [35, 41] . It is not formalized, but it is essential for data production. This work is also "invisible" [23] because it is informal. The formal work of field guides -that they are paid to perform -is simply to guide enumerators to a previously agreed upon list of houses. However, as we have shown, field guides additionally informally participate in delineating the geographical areas visited by the enumerators. Through this distributed work, a greater number of households can be included in statistics about malaria and, in turn, the geographical area where malaria is found widens.
It is known that ICT tools capable of geographical positioning change what location is, from being a contextual linguistic construct to a reified object through data [44] . In malaria research, it means that a new malaria case is no longer vaguely located in a district, but it can now be positioned exactly where it was detected. The idea is quite powerful, and it is at the center of WHO's malaria elimination guidelines. However, GPS coordinates are obtained through situated actions from the data workers, in this case the enumerators. When houses are found, enumerators collect geo-coordinates, among other types of data about the house. But positioning does not always work, possibly due to cloudy skies, or presence of trees. This creates a situation where the enumerators need to find an intersection between the physical space where the households are located and the spaces where it is possible to get GPS signal. Invisible coverage spaces have been shown to change how people orient themselves around physical spaces, by e.g. creating gathering areas in places with good mobile phone network coverage [19] . In this case, finding the intersection of GPS signal and physical space surrounding households is a largely unscripted type of work. Each enumerator acted situatedly, either by walking around the area near households, calling technical support or skipping the GPS recording entirely. How and where malaria ends up being located, as a data point with geographical coordinates, is a result of a mix of the materiality of digital tools, the terrain, and the situated actions of the data workers in the field.
An implication for the design of malaria studies is that it could be of value to surface the invisible work of the field guides and of enumerators when locating households. No matter how much work goes into planning malaria studies, locating malaria cases heavily depends on the situated coordination work of data workers while in the field, to find houses and then record coordinates. Neither finding or recording are trivial tasks. We therefore recommend a careful integration of the work of field guides into the planning of malaria studies, by allocating time for this additional work to be performed. In addition, one could also extend the training week procedures to include locating houses with field guides. These additional socio-technical procedures would support these re-occurring and crucial coordination mechanisms which are currently seen by malaria researchers as surprising.
Restricting actions to increase validity
Digital collection tools can act on enumerators in ways that paper questionnaires do not. They enable scripting actions of enumerators, and act on them during the act of data collection by restricting their input or giving warnings when data is thought not to be correct. These scripts are a result of first-order articulation work by malaria researchers and ZAMEP, where they saw as necessary to constrain enumerator actions to increase data validity. Technological tools can configure users [33] , anticipating their actions and their failures, and shaping the range of possible actions [2] . However, it was necessary for enumerators to work around them repeatedly during field work, adapting to the changing circumstances of time limits, light conditions and so on. Workarounds were therefore the rule, rather than the exception, an observation that echoes previous CSCW work [35] .
One implication for future studies is to acknowledge the constraints on the work of enumerators and allow for more explicit, predictable and artful [35] coordination mechanisms in the field. In the ODK training guides 3 , it is almost always assumed that enumerators do not have any prior training in scientific studies, nor previous exposure to smartphones or tablets. In the cases described here, the enumerators hired by ZAMEP were health workers, most of them with extensive experience on data collection. For ODK, advanced features could be added enabling communication between enumerators and researchers, as well as between enumerators, allowing peers to find solutions to problems that may arise in the field, so that collectively agreed workarounds could be formalized around data collection methods. Meta-data is already currently generated by the malaria researchers at the end of each day, through the form of paper notes. Digital ICT tools enable data to be quickly analyzed and acted upon by researchers, making possible for data cleaning to be done at the end of each day. Currently, a result of this activity are coordination mechanisms in the form of paper notes sent daily to enumerator teams, with indicators of their performance and reminders and specific instructions to use barcode scanners and GPS. These notes could be transformed into digital notes, as part of a meta-data infrastructure. Meta-data could also be added detailing when procedures were followed by enumerators and when improvisation had to occur. These features could be implemented at the ODK application level, which is open-source, or as a separate system or recommended set of procedures, that would derive from a re-thinking of data collection procedures that treat enumerators as highly-qualified individuals, able to improvise around problems more effectively.
Returning to the main argument, with the aim of producing data which aligns correctly with previous data [38] , ICT tools enable practices that aim at reducing the amount of data points which are discarded. Through barcode id matching, GPS, matching, and flexible coordination mechanisms that rely on daily data cleaning, more data can be trusted by malaria researchers and government agencies. This in turn has the consequence of increasing the power of malaria statistics.
CONCLUSION
The malaria parasite and the mosquitos who host it have been part of the life of humanity for millennia. Malaria has had a role to play in the rise and fall of cities and civilizations and has shaped our infrastructures, technologies and habits [43] . In this paper, we have shown how malaria is currently changing, as several countries make strides towards its elimination, from being a disease felt by individuals, to an electronic entity made by data. In an electronic format, malaria is visible and actionable, not only to patients or point-of-care clinicians, but also to decision makers. This change occurs through the work of data workers using ICT tools and modern diagnostics.
Malaria is not just out there to be recorded. Malaria data is produced, with mobile ICT tools, through a mix of sociomaterial practices that include situated coordination mechanisms such that 1) populations can be mobilized in real-time and more people can be surveyed, including individuals not suffering from malaria but possibly carrying the parasite, 2) more households can be included, and greater geographical areas can be covered, and 3) more validation mechanisms can be made and therefore more data can be trusted and included in malaria statistics. To be recorded as electronic data, malaria builds and mobilizes diverse human, organizational, and infrastructural worlds around it, who must now be dedicated to its production, management, and care.
We have also suggested some implications for design of future malaria studies, as well as design of data collection infrastructures to support them. Our suggestions are conservative since they predictably expand data production practices about malaria. Here we have suggested integrating passive forms of disease surveillance to reduce burden of data production on populations, surfacing invisible coordination work, and adding meta-data to acknowledge workarounds and formalized procedures. We are careful when doing these recommendations, as each would affect power relations and create new imbalances [45] . For example, making some types of work visible can incur in increased formalization and surveillance of work practices, which may be unwelcomed, or by recommending meta-data we are creating a new burden of accounting and creating new types of work. Each change must weigh costs and benefits and be informed by the perspectives of all actors involved. In addition, these are not the only suggestions that could arise from our observation and analysis but are simply possible directions for data production practices in disease surveillance. We hope to engage CSCW researchers in the real-world contexts of disease surveillance and data production practices around the world. These contexts are likely to change dramatically in years to come: diseases change (as does our understanding of them), people and societies change and technologies change. How all these co-evolve, and which practices emerge from these complex assemblages, are likely to remain interesting and crucial topics of study for the CSCW community.
